Semi-solid meridic diets for rearing two related species of Pentatomidae, Nezara viridula and N. antennata, were developed. For N. viridula, development times from second nymphal stadium to adult were 27.6 to 28.2 d for females and 26.8 to 27.5 d for males reared on the meridic diets at 25°C. The nymphal survival rate of N. viridula on the diets was more than 87%. Body weight at adult emergence ranged from 157.6 to 160.1 mg for females and from 123.1 to 128.3 mg for males. The pre-oviposition period was 20.8 to 25.8 d at 25°C when fed on the meridic diets, longer than when fed on peanut and soybean seeds. Fecundity and egg hatchability of the bugs fed on the meridic diets were almost the same as those for bugs fed on seeds. Casein was the only ingredient of the meridic diets essential for nymphal development of N. viridula. Nymphal duration of N. antennata fed on the meridic diet was 31.1 d for females and 29.2 d for males at 25°C, not much different from those fed on seeds. The pre-oviposition period of N. antennata fed on the meridic diet was 23.3 d at 25°C.
INTRODUCTION
The southern green stink bug, Nezara viridula (L.) is an important polyphagous pest of agricultural crops and is distributed throughout most of the warmer regions of the world (Jones, 1988) . Todd and Herzog (1980) listed 44 plant species in 18 families as host plants of economic importance. In addition, Panizzi (1997) reported in a review that it fed on plant species in more than 30 families. In southwestern Japan, N. viridula is one of the more serious pests in early stage paddy fields (Shimomoto, 1996) . N. antennata Scott, which is a species closely related to N. viridula and distributed throughout the Orient including Japan, is also polyphagous but is not a major pest of rice. Artificial diets may be useful tools to examine the different host preferences among these related species and to clarify their nutrition requirements.
There have been few reports of successful artificial rearing of Nezara species. Jensen and Gibbens (1973) reared N. viridula nymphs on a diet developed for Lepidoptera species, but obtained poor results. Brewer and Jones (1985) reported that N. viridula could be cultured successfully on a modified liquid meridic diet originally developed for Lygus hesperus. Previously, we successfully reared the bean bug Riptortus clavatus (Thunberg) on a semi-solid meridic diet (Kamano, 1980; Noda and Kamano, 1983) . Because the semi-solid diet has a form similar to that of foods naturally eaten by Nezara spp. and is easy to handle and store, it has good potential for use in studying the nutrition requirements of these bugs. In this paper, we report the results of artificially rearing N. viridula and N. antennata on the modified R. clavatus diet and discuss which ingredients are essential for the development of N. viridula.
MATERIALS AND METHODS
Insects. Adults of N. viridula were collected from a paddy field in Miyazaki in August 1986 and in September 1987. Adults of N. antennata were collected from a soybean field in Tsukuba in August 1987. To obtain egg masses, several pairs of adults were reared in a plastic cage (9ϫ7ϫ5 cm) at 25°C with raw, shelled peanuts and soybean seeds as food. Sodium ascorbate (ϭvitamin C) (500 mg/l) and cysteine hydrochloride monohydrate (250 mg/l) were supplied with water. Egg masses were placed in a petri dish (9 cm diam.) with a piece of water-soaked cotton until nymphs hatched. Most of the first stadium nymphs molted to the second stadium 4 d after hatching at 25°C without food. Newly molted second stadium nymphs of the first laboratory generation were used for the experiments. Rearing and experiments were conducted at the National Institute of Agro-Environmental Sciences, Tsukuba, Ibaraki.
Composition and preparation of diets. We tested 3 kinds of meridic diet containing different amounts of starch and dextrin. The ingredients of the diets are listed in Table 1 . The general composition of each diet was similar to the diet for R. clavatus described by Noda and Kamano (1983) . Major modifications were a supplement of dextrin and an increased amount of soybean oil. The composition of the amino acid mixture listed in Table 2 is slightly modified from Noda and Kamano (1983) and that of the vitamin B mixture listed in Table 3 is the same as Noda and Kamano (1983) .
To prepare the semi-solid meridic diets, a mixture of all the ingredients shown in the upper part of Table 1 was thoroughly kneaded in a mortar, spread to a thickness of about 3 mm on a piece of aluminum foil, and cut into 5ϫ5 mm pieces. The diets were then dried in a desiccator at reduced pressure for 1 d. After being dried, the pieces of the prepared diet were glued onto a sheet of aluminum foil (2ϫ2 cm), covered with collodion, and stored in a refrigerator at 7°C until use. Because sodium ascorbate is easily decomposed (Vanderzant et al., 1962) , it was dissolved in distilled water and supplied separately as the vitamin C solution containing cysteine hydrochloride monohydrate as a deoxidizer (see Table 1 ). A rearing apparatus is shown in Fig. 1 .
Rearing experiments. Rearing of N. viridula was carried out at 25Ϯ1°C, a 16L : 8D photoperiod, and 60% relative humidity throughout the study. Rearing of N. antennata nymphs was also carried out at 25Ϯ1°C, 16L : 8D, and 60% relative humidity, but the newly emerged adults were transferred to 14L : 10D because the pre-oviposition period of N. antennata is prolonged at 16L : 8D (Noda, 1984) .
We compared the development of N. viridula nymphs fed on the semi-solid meridic diets with the development of those fed on raw, shelled peanuts and soybean seeds. We randomly selected groups of 10 newly molted second instars from each egg mass, and reared each group of nymphs in a petri dish (9 cm diam.) with either a piece of 44 T. Noda and S. Kamano Table 2 . b Ingredients are shown in Table 3 . the meridic diet and the vitamin C solution in a cotton-stoppered glass tube (1ϫ5 cm) or a combination of seeds and the vitamin C solution. The pieces of semi-solid meridic diet were changed every 2 to 3 d during the experiments. The seeds and the vitamin C solution were changed every 7 to 10 d. A total of 40 nymphs of N. viridula was tested for each type of food. A similar experiment was conducted with N. antennata fed on Diet III (Table 1) or combinations of seeds. In this experiment, a total of 20 N. antennata nymphs were tested for each type of food.
To determine the ovipositional performance of N. viridula and N. antennata adults reared on the meridic diets and combinations of seeds, eight pairs of N. viridula and four pairs of N. antennata fed on each type of food were reared in plastic cages. We investigated the pre-oviposition period and fecundity for 50 d. Oviposited egg masses were individually placed in a petri dish with a piece of soaked cotton to determine hatchability.
To determine the requisites in the artificial diet, we investigated the development of N. viridula nymphs on the diets with individual ingredients omitted. Diet III was used as the control in this experiment because of its high potential for N. viridula development revealed by the former experiments. Ten newly molted second stadium nymphs were tested for each modified diet in the experiment.
RESULTS

Development and oviposition of N. viridula reared on artificial diets
The mean development times of N. viridula nymphs reared on the meridic diets were significantly longer than that of those reared on seeds, irrespective of sex (Table 4) . Among the 3 meridic diets, the mean development times on Diets I and II were significantly shorter than on Diet III. The highest survival rate from second stadium nymph to adult was 95.0% observed on Diet II. The mean body weight of newly emerged female adults fed on seeds was significantly heavier than that of those fed on the meridic diets. However, there were no differences in body weights of males.
Although the pre-oviposition period was longer for females fed on the meridic diets than for those fed on the seeds (Table 5 ), the differences were not significant. The mean fecundity was significantly smaller on Diet I than on the other diets. The percentages of egg hatchability on Diets I and II were significantly lower than on seeds. However, percentage egg hatchability on Diet III was significantly higher than on seeds.
The effects of omitting individual ingredients from Diet III on the development time and mortality are shown in Table 6 . No nymphs molted to the third stadium on the diet without casein. Omitting soybean oil or starch resulted in a significantly longer nymphal duration than was found in the control or by omitting other ingredients. Omitting the amino acid mixture also resulted in a significantly longer nymphal duration than that in the control. Omitting starch, dextrin, sucrose, or bsitosterol resulted in a significantly lower percentage survival of the nymphs.
Development and oviposition of N. antennata on artificial diets
We measured the mean development times of N. antennata nymphs, survival rates, and mean body weights of newly emerged adults reared on Diet III or combinations of seeds (Table 7) . Only the mean development time of N. antennata nymphs was significantly longer when fed on soybeans than when fed on the other kinds of food, including Diet III. The mean development time on raw, shelled peanuts plus soybeans was significantly shorter than on the other kinds of food. Although the survival rate of the nymphs was the highest on raw, shelled peanuts plus soybeans with the vitamin C solution, and the lowest on Diet III, the differences were not significant. On a diet of raw, shelled peanuts plus soybeans the mean body weight of newly emerged adults was significantly heavier than it was on the other diets, and on a diet of only soybeans the mean body weight was significantly lighter, irrespective of sex.
Ovipositional performance of N. antennata reared on different kinds of food is shown in Table  8 . Because of broad variance, neither the mean preoviposition period nor the mean fecundity differed significantly between foods, except for soybeans.
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a MeanϮSE. Days from second nymphal stadium to adult at 25Ϯ1°C. b P: raw shelled peanut, S: soybean seed, C: vitamin C solution. Distilled water was supplied in cases that vitamin C solution was omitted. c Means followed by different letters in the same column are significantly different at pϭ0.05 using Tukey-Kramer's test. Numbers of insects are shown in parentheses. d There are no significant differences at pϭ0.05 using chi-square test.
However, the fecundity was very low in females fed on diets without the vitamin C solution. The hatchability of eggs laid by those females was significantly lower than the hatchability of eggs laid by females fed on the other foods. No females laid eggs within 50 d on a diet of soybeans only. The egg hatchability was the highest on Diet III and the lowest on raw, shelled peanuts plus soybeans.
DISCUSSION
In this study, we demonstrated that both N. viridula and N. antennata could grow successfully from second stadium nymphs to adults on the modified semi-solid diet previously developed for R. clavatus. The 3 diets we developed in this study contained different amounts of starch and dextrin. Dextrin content was changed because it might affect the physical properties of the diet (Yushima et al., 1991) . Among the diet tested, Diet II was the most suitable for nymphal development and survival, but Diet III showed better performance for fecundity and egg hatchability. Since fecundity tended to be higher on the dextrin rich diet (Table  5) , dextrin content may affect the diet intake. Egg hatchability was significantly higher on Diet III than on Diets I and II. Because the composition of the three diets was the same except for the dextrin content, a certain amount of diet intake may be indispensable for good egg quality and hatchability.
For N. viridula, the mean development time from the second stadium to adult was 27.6 to 28.2 d for females and 26.8 to 27.5 d for males at 25°C on the meridic diets; this was significantly longer than for those fed on seeds (26.4 d for females and 26.0 d for males). However, the survival rate was greater than 87% on each meridic diet with no significant difference between them. Jones and Brewer (1987) tested five artificial diets, previously developed for other insects, to examine their suitability for rearing N. viridula. Among these, only the diets for Lygus spp. (Debolt, 1982) and Heliothis spp. (Brewer and King, 1979) supported the development of N. viridula to adult, although the survival rate was 82% on the Lygus diet and only 8% on the Heliothis diet. In that study, the diet for Riptortus spp. (Kamano, 1980) gave poor results, probably because no modifications were applied.
There have been many reports on rearing N. viridula with seeds. Harris and Todd (1980) reported that, for N. viridula, the nymphal duration from the second stadium to adult was 28.0 d at 25 to 27°C on green snap beans or raw, shelled peanuts. Panizzi and Saraiva (1993) reported that the same nymphal duration was 26.0 d at 25°C on immature soybean pods and 39.3 d on immature radish fruits. In addition, Jones and Brewer (1987) reported that the same nymphal duration was 22.7 d at 27°C on green beans and peanuts. Since host plant species could have a great effect on the nymphal duration of N. viridula (Panizzi, 1997) , the lengthened period of development observed on the meridic diets in this study may be due to some nutritional conditions.
On the other hand, there is relatively little reported data on the development of N. antennata.
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T. Noda and S. Kamano Kariya (1961) reported that the total nymphal duration of N. antennata was 38.3 d at 25°C on soybean sprouts. Kadosawa and Santa (1981) reported that the total nymphal duration was 26 to 28 d at 25°C on dry soybean seeds. Compared with these results, Diet III seems to perform well in sustaining the development of N. antennata, as shown in Tables 7  and 8 . Among the ingredients shown in Table 6 , only casein was essential for the development of N. viridula. Omitting soybean oil, starch, or the amino acid mixture resulted in a significantly longer nymphal duration than that of the control, but the effects on survival rates were relatively low. The vitamin B mixture was not essential. In a previous study, we showed that R. clavatus nymphs died before the fourth stadium on a diet without riboflavin. It is unknown why N. viridula nymphs can survive on the diets without B vitamins, however symbiotic microorganisms may play an important role in producing the vitamins. In this study we used adults which has been reared on raw, shelled peanuts and soybean seeds as food to obtain egg masses for the experiments. Therefore, it is necessary to consider the probability of supplying some nutritional requirements from mother to progeny. Continuous artificial rearing of the bugs may reveal an answer to this question.
It appears that sodium ascorbate and/or cysteine hydrochloride monohydrate have the potential to improve the fecundity and egg hatchability of N. antennata (Table 8) . Vanderzant et al. (1962) showed that the fecundity and egg hatchability of Anthonomus grandis decreased when a diet without ascorbic acid was supplied to adults. In addition, Kamano (1964) reported that female Chilo suppressalis required ascorbic acid for normal emergence and fecundity. On the other hand, it is reported that Pectinophora gossypiella was able to synthesize ascorbic acid (Vanderzant and Richardson, 1963) . Further study is needed to determine the role of ascorbic acid in the development of the insect.
For a better understanding of the relationship between Nezara spp. and crop plants, it is necessary to clarify the nutritional requirements of the bugs. The semi-solid meridic diets developed in this study may support future studies on nutrition and host plant preferences of Nezara species.
